Objective: The aim of this study was to evaluate the clinical outcomes of one-stage posterior debridement, interbody fusion, and instrumentation, combined with irrigation and drainage, for treating lumbar spondylodiscitis. Methods: The study included 23 patients (13 male and 10 female, mean age: 45 years) who had posterior debridement, interbody fusion, and instrumentation, followed by continuous closed irrigation and drainage for lumbar postoperative spondylodiscitis. The visual analog scale, Oswestry disability index, and lumbar lordosis angle were assessed before and after surgery to evaluate the clinical outcome. Results: The mean follow-up time was 27 (24e36) months. All patients tolerated the procedure well, and there were no instances of spondylodiscitis recurrence, though a dorsal dermal sinus developed in one patient after surgery. Infection was eliminated, as evidenced by the normalization of the erythrocyte sedimentation rates and C-reactive protein levels. The mean visual analog scale scores were significantly decreased after the operation. The mean lumbar lordosis angle before surgery was 21.61 ± 6.88 and the angle at the final follow-up was 31.61 ± 4.24
Introduction
Lumbar postoperative spondylodiscitis is a relatively uncommon but severe complication after surgical intervention. It is difficult to diagnose early and is accompanied by a poor long-term prognosis, increased cost, and significant morbidity. 1 Treatment for the majority of patients with spondylodiscitis includes analgesics, long-term administration of antibiotics, and immobilization. 2 In some cases, further surgery is required, for example, in cases of failed conservative treatment, severe pain, neurological deficits, abscess formation, and vertebral destruction causing instability or deformity. 3 Surgical treatments involving transpedicular drainage, laminectomy and debridement, anterior debridement and fusion, posterior interbody grafting and instrumentation, and anterior debridement and fusion combined with posterior instrumentation have all been reported to be effective, but the optimal approach for treating postoperative spondylodiscitis is still debated. 4 The aim of this study was to report our experience and evaluate the outcomes of a series of 23 spondylodiscitis patients treated with one-stage posterior debridement, interbody fusion, and instrumentation, followed by continuous closed irrigation and drainage.
Materials and methods

This study was approved by the local Clinical Ethics Committee (No. 200902035).
Patients
Between December 2009 and January 2013, 23 patients (13 male and 10 female, mean age 45 years old) were diagnosed with spondylodiscitis in the lumbar region and underwent surgical treatment in our department. The patients' demographic characteristics are summarized in Table 1 and all the patients were diagnosed as lumbar disc herniation during the index procedures. The diagnosis of postoperative spondylodiscitis was based on the following parameters: clinical manifestation; laboratory examination, including blood cell count analysis, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) level; and radiographic studies such as plain X-rays, computed tomography (CT), and magnetic resonance image (MRI). Once spondylodiscitis was strongly suspected, blood samples were obtained for microculture and treatment was initiated immediately, consisting of intravenous antibiotics empirically, analgesia, and complete bed rest.
Because of the seriousness of this complication, our hospital did not delay the diagnosis in any patients. However, some cases were referred from other hospitals, so the interval from presentation to definite diagnosis ranged from 3 days to 4 weeks. For all patients, the surgery indications were definite, including intolerable pain, potential instability, kyphosis caused by vertebral body destruction, progressive neurologic deficits, and unsatisfactory conservative treatment.
Surgical procedure
The operation was performed with the patient under general endotracheal anesthesia and in the prone position. Using a posterior midline approach to the spine, the pedicle screws were implanted and the entire posterior spinal elements and ligamentum flavum were excised to reveal the dura sac. When the neural structures, including the dura, descending nerve roots, and nerve root exits, were exposed, the posterior longitudinal ligament was lifted out carefully and the affected intervertebral disc was exposed. All of the inflammatory disc tissues that could be found, along with the endplate cartilage, were debrided down to healthy bleeding bone. Then, we performed the interbody fusion by inserting an appropriate iliac-bone allograft into the intervertebral disc. The deformity was corrected by installing pre-bent rods. Before closing the incision tightly, one silicone irrigation tube (diameter ¼ 0.3 cm) was inserted into the affected disc space, and two drainage tubes (diameter ¼ 0.5 cm) were placed in the left and right sides of the vertebral plate outside the vertebral canal. All three tubes were unthreaded from healthy skin away from the incision and fixed firmly. Tissue samples resected during the operation were sent for microbiological evaluation and pathological analysis (Fig. 1) .
Postoperative procedure
The irrigation began after the operation with a flushing fluid that consisted of 500 ml normal saline and 80,000 U gentamicin (or antibiotic, according to the microbiological results). When the systemic and local symptoms disappeared, the drainage liquid was clear, and the drainage liquid culture was negative on three assessments, irrigation was suspended for 2 days. If the symptoms did not recur, the irrigation tube could be removed. The drainage tubes were removed after another 2 days of observation if there were no complications. A broad-spectrum or sensitive antibiotic was chosen based on a drug sensitivity test and was administered intravenously for 2e3 weeks until the levels of inflammatory markers decreased to normal values, followed by oral antibiotics for an additional 2e3 weeks. Patients were encouraged to mobilize after the removal of the drainage tubes.
Follow-up assessments and statistical analysis
Patients were followed up for 24e36 months (mean 27 months). The visual analog scale (VAS) was used to evaluate preoperative and postoperative pain, which could also reflect the clinical outcomes.
We assessed functional outcome using the Oswestry disability index (ODI) score. Fusion of the bone graft was detected via radiographs or CT, according to the methods described by Lee et al. 5 The lumbar lordosis angle (LLA), subtended through the superior endplate of T12 with the upper end-plate of S1, 6 was measured on lateral plain-film radiographs before and after surgery. Additionally, ESR and CRP, reflecting inflammation, were monitored periodically. All statistical analyses in this study were performed using the SPSS 13.0 software program (SPSS Inc, Chicago, Ill, USA). Postoperative ESR, CRP, LLA, ODI scores, and VAS scores were compared to their respective preoperative values using paired t tests. The significance level was set at p 0.05.
Results
The chief complaints were anxiety and severe disabling back pain (mean preoperative VAS score was 7.52 ± 1.12). The pain was continuous, could not be relieved after resting in bed, and sharpened while turned over. In 19 cases (82.6%), the pain alleviated slightly in the daytime and worsened at night, and there were 14 patients (60.9%) who suffered a radiating pain to the buttocks, thighs, or groin. On examination, all of the patients had limitations in movement, and the straight leg raising tests (SLRT) were positive at 10 e45 . The preoperative values of ESR and CRP were 69.25 ± 6.89 mm/h and 71.72 ± 10.73 g/ml, respectively. Three patients had neurological deficits, including motor weakness and sensory alterations. Epidural abscess was showed in 15 (65.2%) in 15 patients and fever lower than 38.5 C was present in 10 (43.5%) patients. In this study, the presumed causes of spondylodiscitis included radiofrequency ablation, chemonucleolysis, laminectomy, and minimally invasive lumbar surgery ( Table 1) .
The mean operation time was 178.26 ± 34.33 min, and the volume of blood loss during surgery was 619.57 ± 263.17 ml. The symptoms in all patients, especially the back pain, were significantly relieved 1 week after surgery, and patients were satisfied with their clinical results. The mean VAS score 2 weeks postoperation decreased to 2.48 ± 0.67. The mean ODI score and LLA improved significantly after the operation (Fig. 2) . In addition, the ESR and CRP values returned to normal levels in 2e3 weeks after the surgery in all patients ( Table 2 ). The neurologic symptoms of the three patients who suffered neurological deficits preoperative improved completely in the final follow-up.
Pathological analysis of all samples revealed inflammation, but positive microbial detection was identified in only 12 (52.2%) cases, most likely due to the use of antibiotics. The most common type of bacteria was Staphylococcus aureus (n ¼ 6, including 4 MRSA and 2 MSSA), followed by Staphylococcus epidermidis (n ¼ 3), Escherichia coli (n ¼ 2), and Corynebacterium (n ¼ 1).
No complications associated with irrigation with gentamicin or instrumentation occurred in 22 patients, but one patient developed a dorsal dermal sinus. Bone fusion was completed in 8.61 ± 3.76 months after the operation (Fig. 3) , though this was not achieved for one patient until 2 years after surgery (Fig. 4) . The VAS scores, ODI scores, LLA, ESR, and CRP levels remained stable with no evidence of recurrence for any of the 23 patients through the final follow-up.
Discussion
Postoperative spondylodiscitis, described for the first time in 1955, 7 may be caused by a septic or aseptic infection after lumbar surgery. 8 The major risk factors in our patients was un-standard lumbar puncture, such as radiofrequency ablation and chemonucleolysis. A total of 13 of 23 patients had received an lumbar puncture before the infection developed. Besides, patient had comorbidities such as diabetes was also a risk factor. Because the consequences of postoperative spondylodiscitis are severe, including failed back syndrome, a compromised central canal, and alignment abnormalities, early diagnosis and intervention are crucial. In this study, though a postoperative complication (dorsal dermal sinus) was observed in one patient and another experienced a lengthy bone fusion time, overall the results demonstrated that the procedure was tolerated and this method is effective for the treatment of lumbar postoperative spondylodiscitis. In general, back pain is the main symptom of lumbar postoperative spondylodiscitis, which occurs because of, and aggravated in the 10 weeks after lumbar surgery and is not relieved after rest. 9 Laboratory parameters such as ESR and CRP levels were elevated in most cases. Though Barrey et al 10 suggest that postoperative infection should be considered when the ESR and CRP values are over 45 mm/h and 25 mg/L, respectively, 1 week after lumbar discectomy; these are supportive but not confirmatory conditions for the diagnosis due to their nonspecificity. In addition, percutaneous discal biopsy and culture was recommended to obtain a definitive diagnosis, but the rate of false-negative results was high.
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Upon imaging examination, plain radiograph is the first imaging modality used, but the results are insensitive, especially at the early stage of this disease. Abnormal findings might be observed on the plain radiographs weeks or months later, and include the loss of intervertebral space height and destruction of the affected vertebral end plates. 12 CT is more useful than radiography for observing early changes in the vertebral bodies and end plates, but it is not effective for detecting soft tissue changes, which occur with the initiation of inflammation. 13 MRI is sensitive enough to observe changes in the early period of postoperative spondylodiscitis (3e5 days), 13 and the findings involve: (1) a decreased signal on T1-weighted MR images and an increased signal on T2-weighted MR images of the vertebral bodies and disc nucleus pulposus; (2) stenosis of the disc space; (3) bulging of the paraspinal soft tissue; and (4) decreased bony signal intensity of the adjacent vertebral body on T1-weighted images when gadolinium was used. In a recent systematic review, the sensitivity, specificity, and veracity were 93%, 97%, and 95%, respectively. 14 MRI is the radiographic imaging modality of choice for the early diagnosis of postoperative spondylodiscitis. In our department, if postoperative spondylodiscitis was highly suspected, MRI was recommended, as it is extremely important to diagnose spondylodiscitis early. Currently, no gold standard treatment for postoperative spondylodiscitis exists. Conservative treatment still dominates for most surgeons and hospitals in the country, which consists of long term administration of antibiotics and immobilization of the affected spinal column. 2 Because the definitive organism is unknown, the antibiotics were administered empirically, and the results were not satisfactory in some cases. Furthermore, due to the poor vascularity of the discs and slow self-absorption of the inflammatory necrosis, the recovery period is quite long, potentially several months, and might be accompanied by drug side effects. 15 Thus, surgery combined with antibiotics is proposed by an increasing number of surgeons for postoperative spondylodiscitis. 16 Derbent et al 17 reported that the morbidity of remnant back pain for discitis was 26.3% after surgery and 64% after conservative treatment. The goal of surgery is to relieve the symptoms quickly, accelerate intervertebral fusion, shorten the recovery duration, and improve therapeutic efficacy. In our study, the surgery was performed in one stage, which involved aggressive posterior debridement, bone graft reconstruction, instrumentation, and etiological examination. The use of interbody fusion and instrumentation is still controversial. Emery et al 18 reported that sagittal correction is poor without instrumentation, and therefore a long period of bed rest and a body cast, or even additional posterior surgery, might be required. Internal fixation of the affected vertebral bodies offered early mobilization, which helps control inflammation, shorten bed rest time, and facilitate rehabilitation. 19 Currently, iliac crest bone autograft is still considered the gold standard for lumbar spinal fusion. However, due to the high morbidity rate of continuous donor site pain, paresthesia, infection, and the rapid development of bone graft substitutes, allograft bone has been used widely in spinal fusion. Compared with other substitutes, allograft bone has osteoinductive properties and is relatively cheap and readily available. 20 While it required a longer time to reach bony union than autograft bone, there was no difference in long-term clinical outcomes. 21 In this study, all patients were given allograft bone into the disc space where necrotic tissue was removed and blood flow is good, combined with pedicle screw fixation. Patient outcomes in this study were satisfactory. Debridement of all infected bone, plate and disc tissue was able to prevent the accumulation of inflammatory material. Though it is generally accepted that an anterior approach allows direct access to the infected tissues and sufficient debridement, 3 the risk of injury to the vasculature is high due to the abundant arteries and veins anterior to the lumbar spine, and it is difficult to operate in the lower lumbar spine. 16 Given the successful use of posterior debridement to treat lumbar spinal tuberculosis, 22 we believed it is also appropriate to use this method to treat lumbar postoperative spondylodiscitis. To remove pathogens as thoroughly as possible, we adopted a closed irrigation and drainage technology to wash the disc space persistently, which is typically used in the treatment of osteomyelitis and joint infections. However, in the past, Rohmiller applied a closed suction-irrigation system in 17 patients with postoperative infection after spinal instrumentation, 23 and Mauer treated spinal epidural empyema with limited operation and continuous irrigation and drainage 24 ; both produced excellent results. Some surgeons recommend microsurgery for the management of postoperative spondylodiscitis, but we believe that the infected wound should be opened, the pus should be drained, and the necrotic tissue should be removed.
There are some limitations in this study. When the vertebral area was significantly destroyed, interbody fusion was difficult and might damage the neural structures or vessels, requiring more attention and patience. Allograft bone graft might require a longer time to reach bony union than autograft bone. During the irrigation period, it is difficult for patients to turn over alone, and assistance from a nurse is required. Furthermore, the sample size in this study was small, and a larger number of patient is needed in the next stage.
In conclusion, this one-stage posterior procedure might be effective in the treatment of postoperative spondylodiscitis. This procedure was associated with dramatically alleviated symptoms, especially back pain, immediate postoperative stability and early ambulation, which decreases hospitalization, rehabilitation, antibiotic course and postoperative morbidity. Nevertheless, further study with a larger sample size and longer follow-up is needed.
